In Alzheimer's disease (AD) neuronal loss and neurofibrillary tangle formation occur in the locus coeruleus'" and raphe nuclei.56 In contrast, neuronal loss and tangle formation in the substantia nigra is said to be uncommmon, and when present tangles are confined to the medial substantia nigra.7 A recent review stated that tangles in the substantia nigra were rare in AD, but Lewy bodies were found in a few cases.8 The ventral tegmental area was said to show moderately frequent neurofibrillary tangles. There are no quantitative studies comparing the frequency and distribution ofneurofibrillary tangles in the substantia nigra and ventral tegmentum in AD, nor has the extent ofcell damage been clearly documented. Reduction of dopamine levels in caudate nucleus and putamen"' suggest that nigral cell loss may be more extensive in AD than generally recognised.
It has also been suggested that some patients with Parkinsonian syndromes of unknown cause have nigral degeneration with tangles,'2 representing either cases of previous encephalitis lethargica with sub-clinical infection, or cases of AD rather than Parkinson's disease.
In order to establish the frequency and severity of the pathology of AD in the the substantia nigra and ventral tegmental area we have studied 104 cases of AD and 13 cases of Down's syndrome. The extent of these pathological changes in the substantia nigra and ventral tegmental area has been related to histopathological and neurochemical markers of AD in the hippocampus and cerebral cortex.
Materials and methods
In this study the brains of 104 patients with AD, 13 In the cases of AD, Down's syndrome and controls examination of the substantia nigra and ventral tegmental area included estimations of the quantity of free melanin, of cell fragmentation and of the amount of cell loss, on a three point scale of mild, moderate and severe. The distribution of neurofibrillary tangles was noted in all cases and mapped on tracings of the substantia nigra in 11 cases in Series 1.
Results
In AD Series I nineteen of the 22 (86%) cases showed neurofibrillary tangles in the substantia nigra ( The substantia nigra and ventral tegmental area in Alzheimer's disease and Down's syndrome patients showed nigral tangles and these were usually more numerous than in AD patients of the same age. In seven cases the amount of cell breakdown and dispersal ofmelanin in the substantia nigra was greater than that expected for normal ageing, and in eight cases there was mild cell loss. In every patient the tangles were distributed through the substantia nigra, paranigral nucleus and central linear nucleus, although they were sparse in Patients 1 and 2.
The morphology of the tangles in the substantia nigra or locus coeruleus in AD and Down's syndrome was identical. Well-developed tangles showed a coarse "rope-like" fibrillary component characteristic of the Alzheimer tangle which contains paired helical filaments (fig 3a) . They were often globular, rather than flame-like in shape, and argyrophilic, but quite distinct from the skein-like, globose and less strongly argyrophilic tangle of the Steele-Richardson-Olszewski syndrome (fig 3b) . The morphology of the Lewy bodies was identical to that in Parkinson's disease (fig 3c) ; in addition there were pale bodies, which fail to stain with conventional stains (fig 3d) , and neurons with appearances resembling central chromatolytic change. In sections stained with H&E an occasional tangle, strongly argyrophilic in an adjacent section, appeared similar to or indistinguishable from the pale body of Parkinson's disease. Rarely tangles and Lewy bodies were found within the same cell.
Discussion
In this study the prevalence of neurofibrillary tangles in the substantia nigra of patients with AD, in the absence of Lewy bodies, varied between 43% and 81% in the three series, with a mean of 54% (43/79) (table 1). Excessive cell destruction with accumulation offree melanin pigment was common. Of these 43 patients with nigral tangles 44% showed no cell loss, 40% showed mild cell loss, 14% showed moderate cell loss and only one patient, a 61 year old woman, showed severe cell loss. In Series 1 the mean nigral cell count in patients with nigral tangles, but no Lewy bodies, was slightly reduced to 89% of the value obtained in 31 controls of similar mean age. Two patients with possible extrapyramidal signs showed no significant nigral pathology. In Series 2 and 3 the patients with tangles in the substantia nigra were 6 to 12 years younger and had more severe hippocampal, temporal and frontal lobe Alzheimer pathology than those without tangles. In addition, activities of ChAT in temporal and frontal cortex were lower ( A number of clinical studies have emphasised that persons with AD often show extrapyramidal features, usually late in the course of the disease. Mild degrees of bradykinesia and muscular hypertonia are particularly common, and in one series were recorded in 61% of 65 patients.2' Axial rigidity, retropulsion and a positive glabellar tap were observed in five of nine patients. 22 In contrast, patients with a clearcut Parkinsonian disorder complicating AD are uncommon and may be explained by the chance concurrence of Parkinson's disease. Indeed two large studies reporting the frequency ofrest tremor in AD quote figures of 4%23 and 10%,24 which are considerably lower than suggested using poorly characterised signs such as slowness of movement and muscular stiffness.
Reduced amounts of dopamine and homovanillic acid have been found in the caudate nucleus in AD,>" although not in all studies."2" Caudate nucleus dopamine was lowered in four cases of Down's syndrome aged 53-57 years, though not in one aged 27 years.26 It has also been established that patients with Down's syndrome develop the neuropathological features of AD, but at a younger age than normal.2>36
One previous histological study of the substantia nigra in AD was done in six patients, all of whom had infrequent tangles, in contrast to the locus coeruleus, dorsal raphe nucleus and superior central nucleus, where tangles were more numerous." Another study found that nucleolar volume was normal in the substantia nigra, whereas this was reduced in the locus coeruleus.9 More recently cells of the substantia nigra were found to be reduced by 8% and their nucleolar volumes by 15%.38 Another study of four cases suggested much greater cell loss,39 but in neither study were cases with Lewy body degeneration excluded, and nerve cells containing tangles were infrequent. Cell counts in the ventral tegmental area in AD have been considered to be appreciably lower than in the substantia nigra,4 but no apparent difference was found in this study and no attempt was made to quantify cell loss in the paranigral nucleus or central linear nucleus.
In this study 54% of patients with AD had only tangles in the substantia nigra, about half of whom showed evidence of excessive loss of pigmented cells. Some 14% (6/43) The study also shows that cases of AD with neurofibrillary tangles in the substantia nigra show more severe cortical Alzheimer pathology, lower activities of ChAT in cerebral cortex, and a younger age at death. This finding agrees with the well-established differences between early and late-onset AD, the early onset type showing more severe neuropathological and neurotransmitter abnormalities at cortical and subcortical locations.4' WRGG was a Medical Research Council Research Fellow at the time of this study. We thank Dr R 0 Barnard and Professor P L Lantos for permission to study their cases. We are grateful to Dr M N Rossor for providing the ChAT data, and for helpful discussions.
